Objectives: Oil pulling is the act of swishing oil in the mouth and has been gaining popularity in recent years as people turn to the internet for natural health-improving home remedies. The objective of this study was to determine the effects of oil pulling on whitening teeth in vitro. Materials and Methods: A total of 30 human de-identified extracted teeth were separated into groups of six. Each tooth had an intact crown with no restorations, and each group consisted of one molar, one pre-molar, two canines, and two incisors. Teeth were placed into a plastic tube with 15 ml of phosphate-buffered saline and 15 ml of commercially available coconut, sesame, or sunflower oil. As controls teeth were treated with 15% H 2 O 2 or saline alone. The tubes were vigorously shaken for 20 min, and then the teeth were washed and stored in saline overnight. This process was repeated for 14 days to simulate the oil pulling instructions available on the web. Tooth shades were measured before and after treatment using a VITA Easyshade ® Compact, in both the classical A1-D4 shade guide format as well as in CIELAB color space. A statistical analysis was completed using ANOVA with Tukey post-test and significance set at P < 0.05. Results: All six teeth treated with H 2 O 2 showed an increase in value (brightness or lightness) of three to seven shade values. For teeth treated with saline, or sesame oil two teeth of the six showed an increase in three shade values. For coconut and sunflower oil, no teeth showed any change in shade value. Conclusions: This in vitro study suggests that despite claimed oral benefits of oil pulling, and anecdotal internet information that it can whiten teeth, there is no evidence to suggest that coconut, sesame, or sunflower oils have any effect on the whitening of teeth.
INTRODUCTION
There is a wealth of information on the internet regarding systemic and oral health. Many people search for complementary and alternative medicine methods to maintain or improve their health, either as the main way to do so or as an adjunct to conventional medicine. In recent years, oil pulling has generated a great deal of attention as a way to promote oral health. Oil pulling is an ayurvedic dental technique that involves swishing a tablespoon of oil, such as coconut, sesame, or sunflower, in the mouth on an empty stomach for about 20 min.
With regard to oral health, oil pulling has been used extensively as a traditional Indian folk remedy to prevent tooth decay, oral malodor, bleeding gums, dryness of the throat and cracked lips, and for strengthening the teeth, gums and jaw. [1] [2] [3] The scientific evidence to support these claims is not consistent. For example, while there was a reduction in the Streptococcus mutans count in plaque and saliva after sesame oil pulling therapy, results were not as effective as chlorhexidine. [4] In a study comparing a fluoride mouthrinse, an herbal mouthrinse, and oil pulling, oil pulling was not shown to be an effective antimicrobial agent. [5] Numerous websites describe anecdotal evidence and personal stories of the use of oil pulling as a natural way to whiten teeth, even with some dental professionals advocating its use as an adjunct to regular dental care. [6, 7] A PubMed search using the terms "oil pulling" and "tooth whitening" however returned no publications, confirming the lack of scientific evidence for the effectiveness of an oil pulling routine on achieving tooth whitening. The objective of the study presented here was to determine the effects of oil pulling on whitening teeth in vitro to provide support for or against internet claims of its benefits. The hypothesis is that oil pulling will not whiten teeth in an in vitro model.
MATERIALS AND METHODS
The design used in this report is an in vitro basic biomedical study, with a comparatively low-level of evidence. Teeth were selected from a stored collection of human extracted teeth; 30 teeth in the collection had an intact natural enamel crown with no restorations. Institutional Board Approval was not needed because the teeth were extracted for clinical reasons and were de-identified. The teeth were thoroughly cleaned and washed in ethanol prior to use. Teeth were randomly divided into five groups consisting of one molar, one pre-molar, two canines, and two incisors. Initial tooth shades were determined for one crown surface using a VITA Easyshade ® Compact, in both the classical A1-D4 shade guide format as well as in CIELAB color space. The groups of teeth were then randomly assigned to one of five treatments.
Each group of six teeth was placed into a sterile 50 ml plastic conical tube containing 15 ml of phosphatebuffered saline (Sigma Chemical Co., St. Louis, MO, USA) and 15 ml of commercially available coconut, sesame, or sunflower oil. The coconut oil was warmed at 37°C until melted so it could be mixed with the saline. Teeth were treated with only one of the three oils. As a positive control teeth were treated with 30 ml of 15% hydrogen peroxide (H 2 O 2 ). As negative control one group of teeth were treated with 30 ml of saline only. The tubes were vigorously shaken for 20 min at room temperature on a rotating platform shaker, and then emptied, washed 3 times with saline, and refilled with saline and stored at room temperature overnight. This process was repeated for 14 days to simulate the oil pulling instructions available on the web. Tooth shades were measured after treatment in the same tooth crown area using a VITA Easyshade ® Compact, in both the classical A1-D4 shade guide format as well as in CIELAB color space. A statistical analysis was completed using ANOVA with Tukey post-test and significance set at P < 0.05.
RESULTS
To analyze changes in tooth shade, the Vita Shade guide values were reordered from most bright (most white or light) to the least bright: B1, A1, B2, D2, A2, C1, C2, D4, A3, D3, B3, A3.5, B4, C3, A4, and C4. [8, 9] For analysis, each of the 16 shades was assigned a number from 1 (dark) to 16 (light) according to the Munsell color ranking system [10] as follows: B1 (16), A1 (15), B2 (14), D2 (13), A2 (12), C1 (11), C2 (10), D4 (9), A3 (8), D3 (7), B3 (6), A3.5 (5), B4 (4), C3 (3), A4 (2), and C4 (1). Table 1 shows the pre-and post-treatment shade values for each of the five treatment groups using the Munsell system. An effort was made to select teeth with a similar pretreatment shade (A3.5 or 5) to standardize the treatment groups.
All six teeth (100%) treated with H 2 O 2 showed a positive change in value (brightness or lightness) of three to seven shades, with a mean value of four shade values and a range of 3-7 shade values [ Figure 1 ]. For teeth treated with saline, or sesame oil two teeth of the 6 (33%) showed an increase in three shade values; with a mean of one shade value and a range of 0-3 shade values. For coconut and sunflower oil, no teeth (0%) showed any change in shade value. Shade values were significantly brighter in H 2 O 2 -treated teeth compared to saline control and all three oils (P < 0.01 for all comparisons). There were no differences in shade values when comparing the three oils.
In CIELAB color space L* represents the degree of lightness. The value of the darkest black is L* = 0, and the value of the brightest white is L* = 100. [11, 12] Table 2 shows the pre-and post-L* values for each of the five treatment groups. Figure 2 shows the change in L* values as ΔL*. For teeth treated with H 2 O 2 , the average gain in lightness was 15.3 units, with a range of 11.0-22.7 units. The gain in L* for the other treatments was negligible, in the majority of teeth <5 units.
DISCUSSION
Studies have suggested that oil pulling can reduce oral plaque, halitosis, and gingivitis. [4, [13] [14] [15] Anecdotal evidence exists for an additional role of oil pulling in whitening the teeth. A value-oriented shade guide with a numerical modification was used in this in vitro study for identification of color changes in a set of extracted teeth treated with the three most common oils used in oil pulling. It has been demonstrated that visual assessment of tooth color with a value-oriented shade guide is a valid method with good reliability in differentiating between dark and light colors. [16] In support of this, the current study confirmed that treatment with hydrogen peroxide whitens tooth crown enamel to a significant degree, with an average of four shade values of lightening. In contrast, similar results were not observed for coconut, sesame, or sunflower oil. Thus, the in vitro analysis completed in this study suggests that oil pulling does not result in appreciable tooth whitening in vivo.
The results of this study cannot be compared to others, as a search of PubMed does not identify any published research articles investigating the effects of oil pulling on tooth whitening. While a Google search reveals many articles and self-reports of how oil pulling has led to whiter teeth, none of these reports are backed by scientific evidence. Although experimental conditions in the present study were planned to simulate the physical action of oil in the oral cavity, it can be argued that in vitro studies cannot completely mimic the in vivo conditions. Two rare cases of lipoid pneumonia that were caused by repeated sesame oil pulling have been identified . [17] The authors suggest that sesame oil pulling could be considered as a possible cause of lipoid pneumonia in patients who live in regions where this custom is popular. In the second publication, a woman with recurrent lipoid pneumonia became symptom-free after stopping oil pulling. [18] Because three cases of oil pulling-induced lipoid pneumonia have been reported, it was not ethically sound to conduct a human trial of the potential tooth whitening effects of this practice with the knowledge that there was a chance of inducing lipoid pneumonia in study volunteers.
The internet contains information about several "natural" tooth whitening products, such as baking soda, apple cider vinegar, lemon peel, and strawberries. A mixture of strawberries and baking soda was found to be ineffective as a natural at-home tooth whitening procedure. [19] People may prefer alternative and complementary, natural, or at-home do-it-yourself oral health products and procedures. However, research must be done to ensure not only that the products are effective, but that they are indeed safe for the user. Ethical concern for the physical safety of human volunteers necessitated a low level of evidence in vitro study design. While this in vitro approach may be considered a drawback to the study, the information gained nonetheless provides support to conclude that oil pulling likely does not have any effect on whitening teeth in vivo.
CONCLUSION
An in vitro study suggests that despite claimed oral benefits of oil pulling, and anecdotal internet information that it can whiten teeth, there is no evidence to suggest that coconut, sesame, or sunflower oils have any effect on the whitening of teeth.
